Abstract We investigated 112 patients [mean age 39.5±10.5 years, 59% women (n=66)] with chronic posttraumatic headache following cranio-cervical acceleration/deceleration trauma after an average time interval of 2.5±1.9 years from trauma. Headache following minor head injury or whiplash is one of the most prominent problems in neurotraumatology. Previous research is inconclusive regarding the symptomatic approach of this type of headache. Details of the phenomenology of posttraumatic headache in the previous literature are inconclusive. This may lead to inappropriate treatment strategies, because recent advances in therapy of different headache types may be neglected. Patients were investigated at the outpatient service of the Department of Psychiatry. Headache was analyzed according to its principal location, laterality, projection, quality, precipitation or aggravation and possible additional symptoms. For this analysis, headache was diagnosed according to the classification of the International Headache Society. The results showed that 42 patients (37%) had tension-type headache, 30 (27%) were identified as suffering from migraine, whereas 20 patients (18%) had cervicogenic headache. An additional 18% of patients suffered from headache that did not fulfill criteria of a particular category. In 104 patients (93%), neck pain was associated in time with headache. Each of the diagnosed headache types in this study may require specific treatment strategies based upon empirical studies of non-traumatic headache types. For these reasons a detailed analysis of headache following cranio-cervical acceleration/deceleration trauma is necessary.
Symptomatic approach to posttraumatic headache and its possible implications for treatment
Patients with posttraumatic headache frequently undergo extensive investigations, which usually yield negative findings. As a consequence of this, in their treatment of posttraumatic headache, practitioners may include a cocktail of strategies, most of which are not supported by empirical studies. This results in high costs without evidence of increased quality of life of the suffering patient. For these reasons, a symptomatic approach to headache after cranio-cervical acceleration/deceleration injury may be more likely to indicate underlying pathophysiological mechanisms, and aid to the development of treatment strategies.
There are inconclusive results regarding provocation of symptoms in volunteers exposed to low-speed rear-end collisions [8, 20] . However, in volunteer experiments there is usually a well-defined biomechanical mechanism loading on the cervical spine [8, 20] , which cannot be properly simulated in the laboratory or analyzed in traffic accident injuries [27, 33] . The following mechanisms may be of relevance in cranio-cervical acceleration/deceleration trauma under traffic conditions:
• Acceleration/deceleration. Acceleration/deceleration forces lead to a high load particularly on the upper cervical spine [1, 25, 30] . Depending on the position of the head at the time of impact flexion/extension, translation, rotation, or a combination of these mechanisms may occur [1, 30] . Rotation or translation occur in the upper cervical spine, and both are limited by the anatomical properties of this part of the axial organ [27, 33] . Consequently damage of soft tissue of the upper cervical spine may occur. Such lesions may be uncovered using advanced diagnostic tools [19, 29] . It is considered that these lesions may introduce pain [19, 29, 35] . In addition, the relevance of the cervical spine in headache following cranio-cervical acceleration/deceleration trauma has been clinically documented [15] ; • Rotation. Rotation of the accidentally accelerated/decelerated head may lead to brain tissue damage [11, 22] . This is indicated by a loss of consciousness, its duration being considerably related to the trauma severity [2, 9] . Lower degrees of trauma severity, as indicated by a shorter loss of consciousness, do not frequently leave brain lesions detectable by routine diagnostic tools (e.g., magnetic resonance imaging) [2, 9]. However, experimental studies demonstrated microscopically detectable lesions in the more superficial areas of the frontal cortex (i.e., between the gray and white matter, which is referred to as tissue shearing) even at lower acceleration/deceleration forces [11, 22] . Furthermore, recent studies showed that mild or moderate head trauma (i.e., loss of consciousness shorter than 5 min) [17] or whiplash [4] may lead to perfusion deficits in the frontal cortex, in which lesions due to cranio-cervical acceleration/deceleration trauma are most likely to occur [22] . According to these findings, different types of lesions may occur in patients after cranio-cervical acceleration/deceleration trauma, and on this basis different types of posttraumatic headache may be expected to be found and, eventually, explained.
In this study, we investigated patients who suffered cranio-cervical acceleration/deceleration trauma (i.e., mild to moderate head trauma or whiplash) in order to specify the phenomenology of headache in these patients as a possible rationale for treatment strategies, particularly in primary care.
Materials and methods
We analyzed 112 patients [mean age 39.5±10.5 years, 59% women (n=66)] with chronic posttraumatic headache (frequency at least twice a week) after cranio-cervical acceleration/deceleration trauma. Nineteen of the patients (17%) were in litigation. Trauma in these patients had occurred on average 2.5±1.9 years previously. Twenty-five patients (22%) had suffered traumatic loss of consciousness (range 0-20 min, median 0 min) and the remaining 87 patients had suffered whiplash injury, as defined previously [27, 33] . Objectively verified traumatic intracranial sequelae (e.g., subdural or intracerebral hematoma), injuries to other parts of the body, epileptic seizures or neurological signs were exclusion criteria in this study. Detailed analysis of headache in all patients included principal location (e.g., frontal, occipital), laterality (e.g., uni-or bilateral, alternating), projection (e.g., arising from the neck projecting to frontal), quality (e.g., pulsatile, pressing/tightening), precipitation or aggravation (e.g., physical or mental activity, tiredness) and possible additional symptoms (e.g., nausea, sensitivity to light or noise). Based on this analysis, diagnosis of headache was made according to the headache classification [15] . In addition, patients were interviewed to establish whether they had suffered from headache before the trauma, and if so, details of its type and frequency. Furthermore patients were asked about medication prescribed for their headache following trauma, and how they were following prescriptions.
Results
Forty-two patients (37%) fulfilled criteria for tension-type headache, 30 (27%) were identified as suffering from migraine, whereas 20 patients (18%) had cervicogenic headache. An additional 18% of patients suffered from headache overlapping between different groups, and could not be classified as a particular headache category. There was no significant gender difference between patients diagnosed with migraine and the rest. In addition, migraine was not significantly more frequent in patients who had suffered traumatic loss of consciousness. Twenty-eight patients (25%) had strictly unilateral pain, and an additional 18 patients (16%) had unilateral pain that alternated in side, but was limited to one side of the head during each attack (Table 1) . In 104 patients (93%), neck pain was associated in time with the headache. A remarkable finding was that many patients indicated one prominent quality of the headache (e.g., pressing/tightening), but this was frequently accompanied by one or more additional painful sensations (e.g., pulsatile, burning) ( Table 2 ). The increased number of adjectives to describe quality of headache was not in significant correlation with the length of the posttraumatic symptom-free interval. One further observation was that many patients specified one principal mode of precipitation (e.g., physical activity) but also different additional modes of either precipitation or aggravation of their headache (e.g., mental effort, climatic changes) (Table 3) . During headache attacks, many patients suffered additional symptoms such as sensitivity to light (n=43), sensitivity to noise (n=29), nausea (n=35), and vomiting (n=16) ( Table 4) . With regard to the existence or type of the pretraumatic headache, the data were very inconclusive. Most of the patients, however, insisted that their headache had occurred exclusively as a consequence of trauma. Based on the limited reliability of these data, we did not include them in statistical analysis. Furthermore, there was a great variability in both prescribed and self-administered medication for posttraumatic headache, including the substances used or the frequency with which they were applied (e.g., only now and then or during each attack). Moreover, many patients (if in treatment or being prescribed medication) did not strictly follow the physicians' instructions on how to use their medication, mainly because of lack of effect. These factors precluded a sound statistical analysis of the currently used medication as a possibly relevant factor. Most patients in this sample suffered from a broad spectrum of psychological symptoms frequently referred to as dysphoric mood. However, none of the patients fulfilled the diagnostic criteria of an episode of major depression. This prevented any analysis of different types of headaches in this sample in relation to depression.
Discussion
Headache is one of the most prominent symptoms after cranio-cervical acceleration/deceleration trauma. It represents a considerable problem in neurotraumatology, particularly in patients after minor head trauma or whiplash, and is reasonably well correlated with high costs for assessment and treatment [2, 5, 10]. As yet, little attention has been paid to the phenomenology of posttraumatic headache, that is, the headache itself. Understanding the nature of posttraumatic headache may help us to understand its underlying pathophysiology, and knowledge of both could be helpful for indications of treatment. This may be particularly useful in primary care, where patients usually receive medical help after trauma, and where disorderly sequences of treatment strategies are implemented, usually with very poor response rates. Disillusion may then lead to the belief that psychosocial factors or financial claims are primarily responsible for this type of headache [5] . However, recent studies have indicated that psychosocial problems of patients after cranio-cervical acceleration/deceleration trauma emerge secondary to as yet undetectable lesions [27, 35] , and the primary relevance of the compensation issue in posttraumatic headache has been rejected on the basis of empirical research [23] .
We investigated a selected sample, which nevertheless presented with problems typical for patients suffering from chronic posttraumatic headache. The following results should be highlighted. Neck pain
Neck pain was documented in over 90% of patients in the present study. In accordance with previous research, this result suggests a considerable involvement of the neck even in patients diagnosed with head trauma (e.g., concussion) [34] . This result likely reflects damage of the upper cervical spine, where high load may be expected due to acceleration/deceleration forces [1, 25, 30] . Damage to the soft tissue of the upper cervical spine may lead to central sensitization [18] , which is considered to occur in the cervical dorsal horn or nuclei of the trigeminal nerve, as may be concluded from experimental studies [12] . As pointed out earlier, this sensitization may trigger the trigeminovascular efferents, the pivotal mechanism of the pathophysiology of migraine attacks, according to current experimental data [18] . Furthermore, the suggested involvement of extracerebral structures, particularly the neck, in migraine [6], has been supported by experimental data [21] . In addition, central sensitization may be responsible for muscle contraction, a mechanism found to be involved in tension-type headache [18] , while recognized lesions to structures of the cervical spine may be responsible for cervicogenic headache [19, 29] . Given the possibility of central sensitization as a basis for developing chronic headache following cranio-cervical acceleration/ deceleration trauma, the important preventive measure may be adequate initial analgesia in these patients. In this regard, considerably higher initial doses of analgesics than are usually administered may be required. In addition, the concept of central sensitization may provide grounds for a better understanding of the different types of the headache found in this study.
Headache type
The majority of patients in this study suffered from tension-type headache. Present results further indicate that about one-third of patients who suffer cranio-cervical acceleration/deceleration trauma may suffer from migraine, which is similar to previously published results [13] . In previous research, microscopic lesions detectable by nuclear medicine techniques have been found in the frontal cortex in mild to moderate head trauma or whiplash [4, 17] . Such lesions may establish the basis for a biochemical cascade in brain tissue that is similar to events said to occur in migraine, and may help to explain migraine as a result of cranio-cervical acceleration/deceleration trauma [24] . Furthermore, about 20% of the present sample suffered from what is referred to as cervicogenic headache [15] . Finally, there was a sizable minority of patients in whom headache fulfilled several criteria between two or more categories, indicating that following cranio-cervical acceleration/deceleration injury a continuum of different headache types may occur. It may be argued that a part of this latter group may suffer from headache due to overuse of different types of medication, some of which may lead to a rebound headache, as pointed out previously [36] .
Despite considerable reservations about posttraumatic headache as an analgesic rebound phenomenon [14, 31] , it may be assumed that patients who do not strictly follow physicians' medication recommendations (one possible conclusion from this sample) may do so because medication prescribed by the physician is not effective. This inefficacy may be due to lack of recognition of the given type of headache before initiating treatment.
Psychological problems
Psychological problems were quite common in this sample, and mainly fulfilled criteria of dysphoric mood, which is in line with previous studies [35] . In addition, in accordance with previous research [28] , results here indicated that clinical depression is uncommon in patients who have suffered cranio-cervical acceleration/deceleration trauma. This, as stressed previously [28] , should be considered in deciding on treatment strategies, in particular when initiating therapy with antidepressants.
Pretraumatic headache
One unresolved problem that emerged from the retrospective nature of this study was the relationship between pretraumatic and trauma-related headache. Most of the patients in this study indicated that their headache was exclusively due to the trauma. This may be disputed, because previous studies have found pretraumatic headache to be a significant risk factor for headache following cranio-cervical acceleration/deceleration trauma [26, 27] . The proposed relationship between pretraumatic and trauma-related headache may be based on pre-existing central sensitization and triggering by the injury, again explaining chronic headache as a consequence of cervical soft-tissue injury. In contrast, in individuals without this risk factor, soft-tissue injury of the cervical spine may more likely be tolerated without headache.
Conclusions
Based on present results, treatment strategies for chronic posttraumatic headache should be appropriate for the type of headache, always keeping in view the results of empirical studies. This may appear to make sense for headache specialists. However, the very poor response rates usually found in clinical routine indicate that treatment of posttraumatic headache by practitioners is usually not appropriate for the symptomatology. In the case of tension-type headache, tricyclic antidepressants have the best empirically supported effectiveness [3] . In consideration of side effects, prophylactic treatment of migraine following cranio-cervical acceleration/deceleration trauma may include beta-blockers, calcium channel blockers, anticonvulsants, ergotamine alcaloids, or serotonin-1-D-receptor agonists [29, 31] . Patients suffering from cervicogenic headache may primarily benefit from a combination of analgesics, well-directed physical therapy, or blockade of the greater occipital nerve [7] . In carefully selected cases of posttraumatic cervicogenic headache, botulinum toxin or manipulative therapy may be considered [16] . Treatment studies using a randomized allocation of patients will be needed to clarify the main points mentioned here. 
